INTRODUCTION
Control analysis, as proposed by Kacser & Burns (1973) and Heinrich & Rapoport (1974) Kacser, 1983 ) the values of the coefficients are usually between 0 and 1.
The theoretical framework based on these coefficients has been successfully extended to the study of many types of metabolic systems (Kacser, 1983; Fell & Sauro, 1985; Hofmeyr et al., 1986; Sauro et al., 1987; Torres et al., 1988a ; for a review see Westerhoff et al.,1984) as well as to the experimental study into the regulation of fluxes and metabolite concentrations (Rapoport et al., 1976; Flint et al., 1980 Flint et al., , 1981 Groen et al., 1982a,b; Salter et al., 1986; Torres et al., 1988b ; for a review see Melendez-Hevia et al., 1987) .
But there is an aspect of the metabolic regulation that still remains largely unexplored even by the control analysis approach (Hess, 1973; & Rapoport, 1975; Reich & Sel'kov, 1981;  Easterby, 1981) , namely the time dimension of these processes. Easterby (1981 Easterby ( , 1984 Easterby ( , 1986 has developed a theoretical approach to the transition time in coupled enzyme assays and has established criteria for optimum design of such systems. He has also dealt with the effect of feedback and with the transition from one state to another. Heinrich & Rapoport (1975) have considered the control of individual transition time, TY, associated with a given free intermediate S,, defined somewhat differently from Easterby (1981) , in terms of the standard formulation of control analysis. In the now accepted nomenclature (Burns et al., 1985) , this is: 
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which is the Summation Theorem of a given individual free-pool transition time for all the enzymes in the metabolic system. Here we present an experimental study based on a reconstructed rabbit muscle glycolytic pathway with an experimental system in vitro. The aim of this work was to study the flux control and transition time control of the system developed under the usual conditions of enzyme assay. We also study the effect on control distribution of an external effector of the glycolytic pathway, fructose 2,6-bisphosphate.
THEORY
In this work we start from the concept of transition time, r, defined as follows.
Consider a pathway bounded by two metabolites, Xs and XP, at independently held constant external concentrations. This pathway contains any number of enzymes and pools between them, as shown in Scheme 1.
The mechanism of each enzyme is unspecified, allowing any degree of reversibility and any degree of saturation. The constancy of the concentrations of Xs and Xp might be thought of as based on the same assumptions as apply to an 'ordinary' enzyme assay generating an initial rate; this could include that the concentration of Xp is zero, so that the last step is virtually irreversible, but this is not a necessary feature of the system. Alternatively, the concentrations of Xs and Xp can be maintained by some other mechanism outside the system under consideration.
Provided -that there is an electrochemical potential difference between Xs and Xp, there will be a net flux and, at steady state, a constant rate of production of Xp with time (see Fig. 1 
Sii
From this expression is directly derived the physical meaning of transition time as the mean time that, in a metabolic system at steady state, one specified molecule spends inside the system. Fig. 1 serves also to show the graphical interpretation of this magnitude. In the usual conditions of assay in vitro intercepts of the flux asymptote with the time axis give us the transition time directly.
Obviously the transition time so defined is a dependent variable of the metabolic system as well as the flux J, or the concentration of a metabolite S,. Therefore we can define its corresponding Control Coefficient:
Or eC e2 cTa ei which is used in our treatment below.
EXPERIMENTAL SYSTEM
We have used as experimental system a reconstructed metabolic pathway of commercial enzymes from rabbit muscle that converts glucose into glycerol 3-phosphate through the glycolytic pathway. The composition of the reaction mixture is given in Table 1 . Steady state was verified by observing a constant flux and ensured in each experiment by the following experimental conditions. (1) The flux produced with 5 mM-glucose ensured that glucose was not a limiting factor. (2) ATP concentration was buffered by phosphocreatine and creatine kinase. Flux of the pathway was assayed by recording NADH decay in the glycerol-3-phosphate dehydrogenase reaction. The kinetics of the commercial enzymes were studied in the same conditions as those for the system flux experiments; their activities were assayed (Bergmeyer, 1974 ) and found to be the same as those indicated by the manufacturer.
MATERIALS AND METHODS Chemicals
ATP, NADH, phosphocreatine, Hepes and all the enzymes given in Table 1 , were purchased from Sigma Chemical Co., St. Louis, MO, U.S.A. Glucose monohydrate and other reagents were obtained from E. Merck, Darmstadt, Germany.
Titration experiments
All titration experiments were carried out in the cuvette of a Hitachi 100-60 spectrophotometer. Fluxes and transition times were measured by recording NADH decay at 340 nm and 37 'C. The total volume of incubation mixture was 2 ml containing the final concentration of enzymes, substrates and cofactors shown in Table 1 . Reactions were started by addition of hexokinase to the reaction mixture. In titration assays diluted enzymes were added to the mixture at convenient concentrations according to the experiment. Flux and transition time values were normalized with respect to the value in basal conditions (without any titrating enzyme added, only the basal activities being present). The sums of enzyme activities (basal and added) were used to obtain the corresponding ei values.
Modulation of flux and transition time
Flux was recorded and measured in the absorbance range from 0.8 to 0.3 A, where NADH decay was always linear. Flux modulations were carried out as described elsewhere (Torres et al., 1986) .
The method used to assay transition time (r) is illustrated in Fig. 1 Once the value of r of the system for a specific state was measured, we modulated every one of its enzyme activities by enzyme titration. From these data we constructed graphs like that shown in Fig. 3 , from which C' values were calculated. Easterby (1981) . No recording of the first moments of the reaction (usually lost during mixture of reagents in conventional spectrophotometers) is necessary, but it is essential to know the starting time of the reaction.
Determination of Control Coefficients
Flux Control Coefficients. These were determined essentially as described previously (Torres et al., 1986) from normalized results of titration experiments. The hyperbolic relationship found between flux and enzyme activity is described by: Table 2 shows some interesting aspects of the Table 2 ). system used in vitro in our experiments is a 'closed' > = X W | l+ system, with no diverting branches or feedforward inhibition or substrate inhibition, none of the Flux Control Coefficients will be negative (Kacser, 1983) . Thus all the Flux Control Coefficients must be positive (or zero) and Cn r-o , their sum must add up to 1 (Kacser & Burns, 1973;  0 o.>; g < gHeinrich & Rapoport, 1974 Presumably the evolutionary selection of these effectors has occurred, not only on the basis of their action on the flux, but also on the other responses of the system, such as the transition time, relevant to the metabolic role of the tissue. We consider that further investigation of these aspects will be an important area in the future research in this field.
